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ABSTRACT
Factors Associated with the Highway Mortality
of Mule Deer at Jordanelle Reservoir, Utah
by
Laura A. Ramin, Master of Science
Utah State University, 1994
Major Professor: Dr. John A. Bissonette
Department: Fisheries and Wildlife
Highway mortality of deer (Odocoileussp.) is a nationwide concern. In 1991,
538,000 deer-vehicle collisions occurred nationwide. Property damage to vehicles,
human injuries and fatalities, and potential impacts to local deer populations occur
from deer-vehicle collisions. Techniques have been evaluated to reduce highway
mortality of deer; however, an effective, cost-efficient solution does not exist for
widespread use. If mitigative technologies are to be successful, we need to understand
deer behavior and movement patterns associated with highway relationships. Most
research about highway deer kills has focused on white-tailed deer (Odocoileus

virginianus)in mixed hardwood habitat types. The following study pertains to mule
deer (Odocoileushemionus) in a mountain brush and sagebrush-grasszone.
The study area was located at the site of the newly constructed Jordanelle
Reservoir near Park City, Utah. Area roads were relocated due to inundation of

Vlll

existing highways. Preconstruction road-kill was docwnented to be 0.29 kills/km.
Annual road-kill levels of 278 (5.9 kills/km) and 119 (2.5 kills/km) deer occurred
along the new roads from October 1991 to October 1993. Even though there was a
64.2% reduction in observed deer density, second year mortality was still 9 times the
pre-project kill.
A study design of road-kill data collection and repetitive spotlight censuses was
used to compare levels and composition of deer road-kills to that of the living
population. Deer-vehicle collision levels tracked large population fluctuations. Deer
behavior predisposed deer to mortality. Nwnbers of road-killed deer peaked in the fall
of both years, coincident with breeding and hunting periods. Road-kill peaks also
occurred in July and April of each year, respectively.
Traffic characteristics, road alignment, and vegetative and topographic features
were described relative to mule deer kill locations (recorded to the .10 mile). Traffic
volwne and percent vegetative cover were higher along US40 than either state route;
road-kills were correspondingly higher along US40. Roads adjacent to agricultural
areas along all routes sustained the fewest highway mortalities of deer. Deer
approached roads along drainages; large drainages intersected highways in 79% of
designated kill areas. Right-of-way vegetation and slope influenced kill locations.
(83 pages)

CHAPTERI
IN1RODUCTION
Highway mortality of deer (Odocoileus sp.) is a nationwide concern and was
documentedas early as 1925 (Stoner 1925). The problem persists; annual nationwide
deer-vehiclecollisions were estimated at 200,000 by 1980 (Williamson 1980). I
reviewed the scientific literaturepertaining to highway mortality of deer to understand
the level of current knowledgeand directions for further study. I identified 14 studies
(Table I-1) that described ecological relationshipsassociated with deer road-kill
distributions. These studies also documentedthe seasonal distributions of sex and age
classes involved in automobilecollisions. Another three studies (Arnold 1978, Jahn
1959, O'Gara and Harris 1988) focused on population characteristicsof road-kills.
Only four states, California, Michigan, Pennsylvania,and Wyoming, are
represented in the 14 studies on deer-highwayrelationships. Eleven studies addressed
white-tailed deer (0 virginianus); 10 were conducted in predominantlymixed
hardwood forests with interspersedagriculturalareas. Mule and black-tailed deer (0
hemionus) were represented in three studies. However, the identificationand

descriptionsof deer kill sites in two of these studies (Mansfield and Miller 1975,
Reeve 1988) were general.
Published literature indicated that the temporal and spatial distributionsof deer
road-kills were nonrandom. Bimodal seasonal road-kill peakswere evident in whitetailed deer research (Allen and McCullough 1976, Bellis and Graves 1971, Carbaugh
et al. 1975, Puglisi et al. 1974) and were attributedto seasonal behavioral patterns.

2
Table I-1. Ecological research about the highway mortality of deer.
Author

Species

State

Habitat Type

Allen/McCullough 1976

O virginianus

Mich.

Mixed hardwood

Bashore et al. 1985

O virginianus

Pa.

Mixed hardwood

Bellis/Graves 1971

O virginianus

Pa.

Mixed hardwood

Carbaugh et al. 1975

O virginianus

Pa.

Mixed hardwood

Goodwin/Ward 1976

O hemionus

Wyo.

Prairie

Kasul 1976

O virginianus

Mich.

Mixed Hardwood

Kress 1980

O virginianus

Pa.

Mixed Hardwood

Mansfield/Miller 1975

O hemionus

Calif

Varieda

Peek/Bellis 1969

O virginianus

Pa.

Mixed Hardwood

Puglisi et al. 1974

O virginianus

Pa.

Mixed Hardwood

Reeve 1988

O hemionus

Wyo.

Sagebrush

Reilly/Green 1974

O virginianus

Mich.

Mixed Hardwood

Sicuranza 1979

O v irginianus

Mich.

Mixed Hardwood

Vaughan 1970

O virginianus

Pa.

Mixed Hardwood

a. Habitat types included mixed conifer, foothill woodland, sagebrush, riparian.
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In Pennsylvania,research along I-80 (Bellis and Graves 1971, Puglisi et al. 1974)
indicated fall peaks in highway mortality. In two southern Michigan studies (Allen
and McCullough 1976, Sicuranz.a1979),peak road mortality occurred between
October and December. In northern Michigan,Reilly and Green (1974) found most
road-kills occurred during spring. From 1968 to 1970, Michigan's statewide mortality
indicated a small peak in May and a large peak in November (Hawkins et al. 1971).
Mule deer research studies identified a fall peak in highway deer kills (Goodwin and
Ward 1976, Myers 1969) associatedwith rnigmtion. Mansfield and Miller (1975)
observed that peaks in road-kill varied with seasonal distributionsand migratory
patterns of mule and black-taileddeer.
Literature on white-taileddeer focused on the orientation of wooded,
agricultural, and right-of-wayareas relative to high deer kill sites. Carbaugh et al.
(1975) found high kill in forested zones and low kill in agriculturalareas with
abundant forage. Deer were killed more frequentlywhere right-of-wayareas or
woodland-fieldedges encourageddeer movement to roads for foraging (Puglisi et al.
1974, Sicuranza 1979, Bashore et al. 1985). Deer kills in wooded areas occurred in a
random pattern on both 2-lane (Bashore et al. 1985) and 4-lane (Bellis and Graves
1971)roads in Pennsylvania. The juxtaposition of roads and fields at high kill areas
was not consistent between studies; Puglisi (1974) evaluated statewide deer-vehicle
collisions from 1968 to 1970 and found 58% of deer-vehicleaccidents occurred where
fields were present on both sides of the road. Along a 500-km section of I-80, Puglisi
et al. (1974) documentedhigh kill where one side of the highway was wooded and the
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other a field.

Right-of-way slope and vegetation also encouraged deer movement

along or across roadways (Bellis and Graves 1971, Goodwin and Ward 1976, Kasul
1976, Carbaugh et al. 1975). However, Bellis and Graves (1971) documented high kill
where both sides of the road were flat and provided grazing, or where inclined right-of
ways and elevated median strips formed troughs that funneled deer along roads.
Carbaugh et al. (1975) observed the highest number of living deer where the right-ofway inclined or declined relative to the road. In Michigan, Kasul (1976) described
high kill areas with at least one side of the road and the median wooded. Mule deer
mortality locations were associated primarily with the location of drainages (Goodwin
and Ward 1976) and highway cuts.
The literature on highway mortality of deer is limited at a nationwide level.
Site-specific and species-specific differences in deer road-kill distributions exist.
Habitat may influence the number and location of deer-vehicle accidents.

Deer utilize

the array of habitat types across North America (Wallmo 1981). Within habitat types,
deer utilize different habitat components for various activities, i.e. bedding, foraging,
migrating (Geist 1981). White-tailed deer are considered to be more cover-dependent
than mule deer. In areas of sympatric association, white-tailed deer seek cover or
move to valley bottoms during the winter, whereas mule deer occupy slopes, broken
terrain, and forest edges (Kramer 1971, 1973). Within subspecies there is some
evidence of sexual segregation and resource partitioning (McCullough 1979, Bowyer
1984). The following chapters are intended to address mule deer road-kill
relationships in a predominantly sagebrush-grass and mountainbrush zone in
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northeastern Utah. The study area provides yearlong range for deer which migrate to
local seasonal use areas depending on weather conditions. Chapters II through IV
address the habitat and behavioral relationships of mule deer adjacent to three
highways. Chapter II, Roal Relocation at JordanelleReservoir, Utah,cuuJthe

Subsequent Increase in the Highway Mortal.ityof Deer, is intended as a summary of
the deer road-kill problem at the study area that was related to the relocation of roads
into migratory and daily use areas. Chapter III, TemJXJral.
Distributionof Mule Deer

Highway Mortal.ityLevels cuuJComposition,evaluates the potential impacts to a local
deer population from highway mortality and describes seasonal sex and age ratios of
the road-kill population and living population. Chapter IV, FoctorsAssociated with

the Spatial.Distributionof Mule Deer-Vehicle Collisions, describes traffic
characteristics, road alignment, vegetative and topographic features associated with the
location of deer kills. Chapter V, Deer-Vehicle Collisions: Nationwide Status cuuJ

Technologiesto Reduce Their Occwrence, summarizes a survey distributed nationwide
to state natural resource agencies. The purpose of the survey was to identify current
annual nationwide deer road-kill levels as well as evaluate the status of efforts to
provide mitigative techniques to reduce highway mortality. Development of mitigative
technologies for highway mortality of deer must be based on an understanding of
ecological relationships. Broadly, the following chapters are intended to increase the
knowledge of mule deer-highway relationships and to compare the findings of this
research to those in other areas with different deer species. Locally, the information
derived from the following chapters will be used to determine locations for the
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installation of fencing and experimentalbig game crossing structures. Successful
analysis of the experimentalhighway crossing structures depends on preliminary
research of the level and compositionof deer road-kills at the study area.
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CHAPTERII
ROADRELOCATIONAT JORDANEUE RESERVOIR,Uf AH ANDTI-IE
SUBSEQUENTINCREASEIN TI-IEHIGHWAYMORTAUTYOF DEER1
Williarrnon(1980)estimatedat least 200,0X)deer-vehiclecollisions
occurredper year nationwide. By 1991, recorded nationwidedeer road-killsreached
a level of at lea5t 538,0X) animals(L. A. Romin amJ. A. Bissonette, Utah St.
Univ., unpubl.data). Interstatehighways(Puglisiet al. 1974), large deer populations
(Bashoreet al. 1985),

amchangesin deer distribution(Arnold 1978)were

responsiblefor increaseddeer-vehiclecollisionsin manyareas. ~r

behaviorarri

use of roadsidehabitats were irnp:)rtantfactors in un:lerstarrlingdeer-highway
relationships(Peek aooBellis 1969, Carbaugh1970, BellisaooGraves 1971, Puglisi
et al . 1974, Gcx:xiwinamWard 1976), aoocan provideimportantinformationwhen
new highwaysystem5are planrro (Gcx:xiwinamWard 1976)ammitigativestrategies
(Puglisiet al. 1974) are selected.
Reilly amGreen (1974)docUJrentedroad-killsbefore amafter highway
constructionat a deer winteringarea in northern Michigan. They reported6
deer/year killed in vehicularcollisionsbefore highwayconstructionam41 deer/year
after construction. ~r-vehicle collisionsdeclired through1967but remaired
approxirrntelytwice that of pre-interstatermrtality. ReillyamGreen (1974)
recomrreooedthat highwayconstructionprO{X)Sllis
addressimpactson deer rmverrent

1

Coauthored by Laura A Romin and John A Bissonette
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patternsanl populationlevels.
Three new roads were constructedas part of the JordanelleReservoirproject
(JRP) nearbyto Park City in northeasternUtah. JordanelleReservoiris a part of the

.Municipalanl Imustrial Systemin the BonnevilleUnit of the Central Utah Project
(CUP). The CUP was authorizedfor fuming in 1956urxlerthe ColoradoRiver
StorageProject. Its aim was to provideaburnantwater to cities anl towns along
Utah's heavilypopulatedWasatchFront (Hiochrmn 1991). \Vhenfilled, Jordanelle
Reservoir\\-illhave an averagesurfacearea of 840 acres.
Based on Utah Divisionof WildlifeResources(UDWR)highwayrmrtality

recordsof deer between 1971anl 1975,an interageocybiologicalassessrrentteam
deterrniredannual pre-projectdeer loss at 12 deer per year (0.29 kills/km). Road
realigmrentwould iocreaseannualdeer loss to a predicted24 (0.41 kills/km)deer per
year (L. B. Dalton, UDWR,pers. comrrun.). The team expectedrmrtality to be
highestacross the relocatedhighway189 (now state route [SR]32) becausethis area
hadthe rmst active deer rmverrent route (U.S. ~nt

of Interior 1979).

Subsequentto road construction,it was apparentthat deer-vehiclecollisions
exceededthe predictedloss (L. B. Dalton,UDWR,pers. comrrun.). A cooperative
effort betweenthe Bureauof Reclarmtion(BOR),Utah ~nt

of Transportation

(UOOI), UDWR, UnitedStatesFish amWildlifeService(USFWS),amUtah

CooperativeFish amWildlifeResearchUnit resultedin a two-phasestudy to
urxlerstammule deer-highwayrelationshipsamevaluatean experirrentalbig garrehighwaycrossingstructure. In this chapterwe report deer-vehiclecollisionlevels

12

refore arxl after highwayrelocationat the JRP.

STIJDYAREA
Prior to constructionof Jordarelle Reservoir, two roads totaling42 km
(routes 40 arxl 189) accessedthe local corrnnunitiesof Herer, Kamas,arxl Fraocis on
the eastern slope of the Wasatchrange in oortheastemUtah (Fig. II-1). The roads
were located in a valley bottom where dominantvegetativecommunitiesiocluded
rresic rreadow, riparian, pasturelarxl, amsagebrush-grasshabitats. Reservoir
constructionneoessitatedinun:Jationof area roads. Three rew highways(US40,
SR248, arxl SR32) totaling47.3 km were constructedfurther up drainage slopes to
provide continuedaccess to local corrnrunities. Mllmtain brush amsagebrush-grass
communitiescharacteriz.edthe drainageslopes (6,(XX)to 7,(XX)ft elevation). Limited
stams of cottonwooo(Popul,us
sp.) anJ aspen (Popui,us
tremuloides)OCCUITed,
particularlyalong drainage bottoms.
MErnOD.S

UDWR personrel provided reports of highwaydeer kill for the first year of rew road
operation, from ~mber

1989to ~mber

19'.X).We comucted weekly surveysof

area roads from 15 Cktober 1991to 14 Cktober 1993, to doclllrent locations, sex,

amage of deer road-kills;UOOT arxl UDWRpersonrel assistedwith collection
efforts duringtheir daily activities.
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RESULTS
Personrel from UDWRdocUirented87 deer-vehiclecollisionsduring the first
UDOT personrel rermved an
year of rew road operation(Ixc 1989to Dx 19<X});
equivalentnumber during the sarre peri<Xl(L. B. Dalton, UDWR, pers. commun.)for
a realized kill of 174 deer (3.3 kills/km)on area roads. Road-killsexceededthe
preconstructionkill by 14.5 tures. Similarly,high deer road-killlevels (Fig. II-2) of
278 (5.9 kills/km)arx:l120 (2.5 kills/km)deer occurredduring each year of the study,
respectively. Even thoughthere was a 64.2% decrease in the observeddeer density
during the study (Rominarx:lBissorette, Utah St. Univ., unpubl. data),

~m

year

road-killITTJrtality
(120 deer) was still > 9 tnres the pre-projectkill. Reed
(ColoradoDiv. Wtldl. Res., pers. commun.)estirrntedthat only 50% of deer-vehicle
collisionsin Coloradowere docUirented;we expect a similar rate holds for Utah.
The largest percentageof deer-vehiclecollisionsoccurred along US40 during
both years: 68% in the first year arx:l55% in the secom.
During the first year of

study, 14% of the total ITTJrtality
occurredon SR32 while 18% of docUirented
rmrtalities occurred on SR248. Twenty-fivepercent arx:l19% of the total deer roadyear of study.
kills occurred on SR248arx:lSR32, respectively,duringthe secom

DISCUSSION
Th!erapparentlydid oot initiatefrequentroad crossingsprior to road relocation
at Jordarelle Reservoir(L.B. Dalton, T.L. Parkin; UDWR, pers. commun.); few
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Year
ual deer kill/km at J or danelle Reservoir. , Utah ' on old
(1988 - 93) roads.
Figure II-2. Ann
(1971-75)andnew
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deer were killed by vehicles. New roads bisecteddeer use areas further up drainage
slopes, arxi deer crossed both daily arxi during seasonalmigrations. Road relocation

was followedimrrediatelyby a substantialiocrease in highwaydeer kills over the
next 4 years, from 1~

to 19CJ3.

Heavy winter IIlJrtalitycontributedto lower deer densitiesarxi lower road-kills
during the secooo
year of the study. UDWR estimlted a 70% reduction in the deer
(M . Welch, UDWRpers.
populationduring the harsh winter of 1992 - 19CJ3

commun.). We attributed the decrease in deer-vehiclecollisionsthat we observed
from Cx:tober1991 to Cx:tober19CJ3
to a populationdecline, partially caused by the
harsh winter 1992 - 1993, arxi perhaps because deer populationnumbers were
decreasing over the study as a result of the heavy road-kill; the observed live deer
density proximal to area roads decreased 64.2 % betweenthe first arxi secooo
years of
our study (L . A. Romin an:i J. A. Bissonette, UtahSt. Univ., unpubl. data) .
Qrr

study iocorporated2 years of data collection. Area roads have been

operationalsioce 1989. Over the short term, absolutenumber of kills decreased, but
the proportionof road-kills to the observedpopulationsiz.eremaired similar. Long-

term llJ1)3CtS
of highway rrortality on the local deer populationare difficult to
ascertain, but treoos iooicate road-killshave a negative impact.
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CHAPTERill

TEMPORALDIS'IRIBlITTON
OF MUIE DEERHIGHWAY
MORTALl1Y LEVELS AND COMPOSIDON1

Abstract:We studied highwayrmrtality of mule deer (Odocoileushemionus)in
northeasternUtah from <xtober 19CJ1
to iliober 19CJ3.We compared number, am
sex amage compositionof the road-kills to that of the living populationobserved
during spotlightcounts. Th!er-vehiclecollisionlevels tracked large population
fluctuations. Th!erbehavior, i.e. breeding, fawning,ammigration, also predisposed
deer to rmrtality. Numbersof road-killeddeer peaked in the fall of both years,
coiocidentwith breeding amhuntingperiods. The road-killbuck:doe ratio (23:100)

was higher than that observed in the living populationduring the fall (5: 100). Roadkill peaksalso occurred in July amApril of bothyears. Fawn rmrtality was highest
during fall of both years. Patternsof road-killsrelative to the living population

suggestedthat highwayrmrtality of deer is soire COIIDination
of compensatoryam
additive rmrtality.

fuing 1980, annualnationwidehighwayrmrtality of deer was estiirnted to be
at least 200,ffi) animals (Williamson1980). Sioce then, rmny states have inlicated
iocreases in deer-vehiclecollisions. At least 538,(XX)
deer road-killsoccurred during

19CJ1
(L. A. RorninamJ. A. Bissorette. Utah St. Univ., unpubl. data).
1

Co-authoredby Laura A Ramin and John A Bissonette
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Researchon the rmrtality of deer on highwaysfrequentlyaddressedseasonal
road-killpatterns, sex arrl age compositionof the kill, arrl potentialreasons for high
arrl low kill pericx:ls
. Highwayrmrtality of white-tailed(OdocoileusvirginiC01US)
arrl

mule deer gererally peakedduringthe fall, with anothersmiller peak occurringin
spring (Bellisarrl Graves 1971, Reilly arrl Green 1974, Goodwinarrl Ward 1976,
Sicuranza 1979, IAlseket al. 1989). However, in studiescomucted in deer winter
coocentrationareas in Colorado, virtuallyall rmrtality was observedduringthe early
spring (Myers 1969). :Mansfieldarrl :Miller(1975)observedseasonalpeaksin deer
highwaykill levels arrl foum they reflectedthe seasonaldistributionsarrl migratory
terrlenciesof deer.
with rmverrent associatedwith hunting
Breedingbehavior, in coJ1iunction

seasons, was usedto explainthe fall peak in deer road-killlevels (Puglisiet al. 1974,
Aroold 1978). The springpeakwas attributedto the green-upof right-of-way
vegetationarrl subsequentforagingby deer (Reillyarrl Green 1974, Carbaughet al.
1975). G:xxlwinarrl Ward (1976)docUirenteda road-killsex ratio on 1-80in
Wyomingof 27 males:100 femalesfrom January 1967to March 1973. An increase
in male fil)rtality occurredduringfall, arrl was associatedwith the breedingseason.
Jahn(1959) foum over a IO-yearstudythat the percent of male fawns involvedin

autoIIDbilecollisions(48.7%) was lower than the nationalnaturalfil)rtality average.
The nationalaverage of male:femalenaturalfawn IIX)rtalities
was 51.5:48.5

(Severinghausarrl Cheatum 1956)arrl did oot includehighwayfil)rtality. G:xxlwin
arrl Ward (1976)foum lower highwayfil)rtalityof male mule deer fawns in
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Wyoming. Bellis ani Graves (1971)foun:lsimilarmale:femaleroad-killratios in
fawn ani yearlingwhite-taileddeer, but adult rmrtality was skewedtowards females
(37.8:100). They reportedlittle or oo fawn road rmrtality duringthe sl.llllirer
months, and speculated that monthly differences in sex and age of road-killed deer
reflected both the herd composition and differential vulnerability of deer sex and age
classes. O'Gara and Harris (1988) compared highway mortality of deer to predator
mortality of deer in Montana. Eighty-eight percent of deer involved in vehicular
coilisions were fawns or deer:::::7 years of age while predators killed more deer (86%)
between 1 and 6 years of age. Only 10% of road-killed deer were in good condition .
Proportionally more male deer were taken by predators than were involved in deervehicle collisions.
Few studies compared deer road-kill composition with that of the living
population. Goodwin and Ward (1976) reported herd composition consisted of 23
male: 100 female, similar to their observed road-kill population .

From December

through May, yearling males in the Yellowstone area were involved in vehicle
accidents in greater proportion than their abundance in the living population (Dusek et
al. 1989). The sex ratio of road-killed adult deer in Wisconsin (Jahn 1959) was not
representative of the living population. During fall, a higher proportion of bucks was
involved in deer-vehicle accidents although the living population showed a higher
proportion of does. In Nugget Canyon (Lincoln County) Wyoming, road-kills in
November and December corresponded to low numbers of live deer seen during
spotlight counts (Reeve 1988). The sex and age composition of the Nugget Canyon
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deer herd was not reported. Jahn (1959) and Dusek et al. (1989) warned that nwnbers
of deer road-kills should not be used as a representation of annual population changes.
However, many calculations of live herd composition and nwnber have been based on
few spotlight censuses, and reported results may not adequately reflect live population
characteristics.
There is a need for further study focusing on the composition of deer road-kills
compared to that of the living population. Deer-vehicle collisions may be related to
population densities and activities related to deer life histories, i.e. breeding, fawning,
migration. In this chapter we compare deer road-kill levels and composition to that of
the living population over a 2-year periodwith an extensive study design using weekly
highway deer kill collections and repetitive spotlight censuses.

STIJDY AREA
The study area was located in the valley between the Wasatch and Uintah
mountain ranges of northeastern Utah; the Provo River originated from the Uintah
mountains and bisected the valley floor. The Jordanelle Reservoir feature of the
Central Utah Project was intended to capture Provo River water for municipal and
industrial use in Utah and Salt Lake counties. Prior to construction of Jordanelle
Reservoir, 2 roads, totaling 42 km, bisected the valley floor; the roads were inundated
due to reservoir construction. Three new roads totaling 59 km were constructed
partway up the drainage slopes. Segments of the new roadways (totaling 47.3 km)
were chosen for study: state route (SR) 248 from its western junction with US40 east
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to Kamas, SR32 from its western junction with Francis east to US40, and US40 from
the SR32 junction north to SR248. Valley vegetation was predominantly mesic
meadow, riparian, and pasture land. Surrounding drainage slopes were situated within
a mountain brush and sagebrush-grasssetting with scatteredjuniper (Juniperussp.) and
pinyon pine (Pinus edulis). Limited stands of aspen (Populus tremuloides),
cottonwood (Populus sp.), and willow (Sa/,ixsp.) occurred, particularly along
drainages. Mule deer utilized various parts of the study area as winter range, summer
range, and year-long range depending on seasonal weather conditions. Migration
corridors accessed local seasonal use areas.
rvtETI-IODS
Highway mortality of deer was documented over a 2-year period, from 15
October 1991 to 14 October 1993. Area roads were surveyed for deer kills at least
once a week. UDOT and UDWR personnel assisted with collection. Recorded data
for each mortality included date, highway identification, kill location to the nearest 0.1

mile, sex, and age for all deer. Initially, we recorded age as adult or fawn, then
removed incisors from adult deer for age determination by cementum annuli
procedures (Low and Cowan 1963).
Twice-monthly spotlight counts were conducted (Reed 1969) to document live
deer numbers and location along the three study area roads. The counts were
conducted at dark and averaged 3.2 hours (S.D. = 21 min.) in length. Each night we
began the spotlight run on a different route. We drove along both sides of each road

24
at a speed of 40-50 kph and used a hand-held 400,000 candlepower spotlight to locate
deer. Sex and age (adult, fawn) classes of deer were recorded. Fawns were
distinguished by size and morphological facial characteristics. We took rangefinder
readings at each 0.1-mile interval to provide an estimate of observable area along each
road (Fafarman and DeYoung 1986). Mountain brush habitats decreased deer
visibility, and some areas along the roads were not visible from a vehicle due to
roadside rock cuts or steep declines bordered by concrete barriers. We calculated from
numerous spotlight runs that the mean maximum distance we were able to see with the
spotlight was 500 m.
Identification of road-kill and live deer populations was to the mile or 0.1 mile,
consistent with highway mile marker delineation. We converted to metric units for
analysis in our results where appropriate.

RESULTS
During winter 1991 - 1992, mean monthly snowfall totaled 7.7 cm; mean
monthly winter snowfall for 1992 - 1993 was 46.9 cm. We documented 397 deer
road-kills during the study from 15 October 1991 to 14 October 1993; 205 (51.6%)
does, 75 (18.9%) bucks, 86 (21.7%) fawns, and 31 (7.8%) unclassified. Sixty-four
fawns (16.1%) were female and 22 (5.5%) were male. There was a 57% decrease
from 278 (5.9 deer/km) deer-highway mortalities during the first year to 119 (2.5
deer/km) road-kills during the second year. We determined the age of 198 (70.7%)
adult deer by cementum annuli techniques (Fig. III-1). Sixty-seven percent (n
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adult kills were ~ 2.5 years old. The oldest recorded deer road-kills (2.5%) were 6.5
years old. The 1992 hunter buck harvest from the Kamas District, east of the study
area, also indicated a young population (n

=

85); 55% were yearlings , 15% were 2.5

years old, and 30% were~ 3.5 years old (M Welch, UDWR, pers. commun.).
We located 4,378 deer on 39 spotlight trips driving a total of 1,845 km. There
was a 64.2% decrease from an average 14.6 deer/km2 in the first year of the study to
5.23 deer/km 2 during the second year. UDWR estimated a similar 70% reduction in
the deer population on the Kamas District, attributed to the harsh 1992 - 1993 winter

(M Welch, UDWR, pers. commun.). We identified the sex and age of 1,515 (34.6%)
deer during spotlight counts: 987 (65.2%) does, 136 (8.9%) bucks, and 392 (25.9%)
fawns. We calculated an observable area unobstructed by roadside barriers or dense
vegetation of 10.98 km2 for the study area. Monthly and seasonal peaks in highway
deer kills (Fig. III-2) were identified. Seasons were: fall (Sep - Nov), winter (Dec Feb), spring (Mar - May), and summer (Jun - Aug). The following analyses treat the
study periodas year 1 (15 Oct 1991 - 30 Aug 1992) and year 2 (1 Sep 1992 - 14 Oct
1993), to allow interpretation of seasonal deer distributions and road-kill patterns . The
highest road-kill peak(25%) occurred during November 1991. Thirty percent of the
mortality in year 1 occurred during the fall even though data collection did not begin
until 15 October 1991. Another peak(33%) was evident during the summer of year l;
15% of the mortality for the year occurred in July. A similar fall peak(52%)
occurred during year 2; 20% of the mortality occurred in October and 19% in
November. A relatively large peak(18%) occurred in April. Eleven percent of the
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mortality occurred during the summer. During year 1, 41.8% of the annual buck
mortality and 44.8% of doe mortality occurred during summer (Table III-1). Fawn
mortality peaked for both males (47%) and females (57.4%) in the fall. During year
2, the highest mortality among all sex and age classes occurred during fall.
We compared seasonal distributions of deer road-kills to observed deer
densities during the same periods. Correlation coefficients did not show a significant
relationship (r = 0.54, £ = 0.14) between seasonal deer densities and highway
mortalities over the entire two year period (Fig. III-3). However, deer
road-kill levels and deer population density were strongly correlated from summer
1992 through summer 1993 (r = 0.94, £ < 0.01), suggesting a density dependent
relationship. A negative correlation existed between deer densities and kill/density (r
= -0.68, £

=

0.06). During year 1, observed deer density was low during fall (5.4

deer/km2) and winter (9.9 deer/km2) while highway mortality was high (fall = 71 deer,
winter= 58 deer). Deer density (2.41 deer/km2) and highway mortality (18 deer) were
low during the second winter. Following the winter 1992 - 1993 season, deer density
adjacent to study area roads increased slightly during spring (3.3 deer/km2) and
summer (3.8 deer/km2). However, observed density never reached pre-winter levels.
Highway mortality of deer also increased (n = 31) in the spring 1993 but did not
return to pre-winter levels. Kill as a function of density was lower than observed deer
density from winter 1992 to winter 1993, but exceeded density following the harsh
winter of 1992 - 1993.
The road-kill buck:doe ratio during the fall (22.9:100) and early winter
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Table III-1. Seasonal road-kill distributions(%) for each deer class at Jordanelle
Reservoir, Utah, 1991 - 93.

YEAR 1

Fall

Winter

Spring

Sununer

Doe

30.0

16.0

10.2

44.0

Buck

14.5

27.3

16.4

41.8

F Fa\,\,11

57.4

28.6

11.4

2.9

M Fa\,\,11

47.0

40.0

13.0

0.0

Doe

65.4

6.2

13.6

14.8

Buck

52.6

10.5

26.3

10.5

F Fa\,\,11

50.0

21.4

28.6

0.0

M Fa\,\,11

40.0

40.0

0.0

20.0

YEAR2
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(fall = 6.7: 100, winter= 4.4:100) during the same periods (Table III-2). Likewise, the
road-kill buck:doe ratio during the fall of year 2 (18.9:100) was larger than the ratio of
the living population (5.6:100). The summer buck:doe ratio was similar for the roadkill and living populations during both years. From June to November 1992, the
correlation coefficient between the number of fawns involved in vehicular collisions
and the number of fawns observed on spotlight runs was significant; r = 0.84 (£ =
0.04). The summer fawn:doe ratio of road-killed animals was low during both years,
1.9: 100 and 8.3: 100, respectively. Similarly low fawn:doe ratios were observed in the
living populations for both the first (1.4:100) and second (15.4:100) summers. During
the fall 1992, the fawn:doe ratio of road-killed deer (30:100) and the living population
(50.6:100) was higher than the summer count.
DISCUSSION
Population density, and age and sex composition of area mule deer were
evaluated using spotlight census techniques over a 2-year period. Seasonal biases in
buck:doe and fawn:doe ratios may occur; however, population trends can be detected
using repetitive spotlight counts (Progulske and Duerre 1964, McCullough 1982,
Fafarman and DeYoung 1986). Jahn (1959) and Arnold (1978) found that deervehicle collisions were related to deer activity patterns. Arnold (1978) also found
local deer population levels to vary proportionatelywith road-kill levels at constant
traffic volumes. We compared spotlight counts and road-kill data to track population
trends and evaluate deer behavior and movementpatterns which affected deer-vehicle
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Table III-2. Seasonal buck:doe ratios obtained from deer killed on highways or seen during
spotlight counts.
Countsa

Seasonsb
F91

W91

Sp92

Su92

F92

W92

Sp93

Su93

Kill

22.9

78.9

75

44.2

18.9

40.0

45

16.7

Spotlight

6.7

4.4

2.9

31.3

5.6

0.0

13.3

12.5

a. Kill and spotlight counts are recorded as bucks: 100 does
b. Winter counts only include Dec and early Jan; spring counts only include Apr and May.
Bucks are probably underrepresented in these spotlight counts due to antler loss.
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collision incidences.
Our results indicated that while seasonal highway mortality distributions of

deer tracked large fluctuations in population levels, behavior associated with life
history activities of deer, e.g. fawning, breeding, and migration, also influenced yearround road-kill levels and composition. During the 2-year study period, both road-kill
and observed deer density levels decreased. When harsh winter conditions ( 1992 1993) reduced population levels, deer road-kill levels correspondingly were lower.
Relationships between live deer density and road-kill numbers can be attributed
in part to deer use patterns. Between the fall and spring seasons of year 1, highway
mortality decreased and spotlight counts recorded increased deer density. The mild
winter that year allowed deer access to large areas and they maintained residence
higher on drainage slopes. Weather conditions did not force deer to remain near area
roads, although it is evident from highway mortalities that they frequently approached
and crossed roads. We attributed the initial increase in deer density during spring
1992 to the approach and congregation of deer along right-of-ways for foraging.
Fall peaks in the highway mortality of deer appeared related to activities
associated with hunting and breeding during this time (Fig. III-3). Deer were moving
around the study area more than usual. Proportionally more bucks were involved in
vehicular collisions during the fall than were observed in the population. The breeding
season of mule deer in Utah begins the last few days of October, peaks between 20
November and 2 December, and declines through January (Robinette and Gashwiler
1950). During the study, Utah deer and elk hunting seasons generally occurred from

34
late August through October (T. L. Parkin, UDWR, pers. commun.); the most intense
deer hunting occurred in late October.
Fawns were involved in deer-vehicle collisions most often during the fall and
least often during the summer of both years. The fawning periodfor mule deer in
Utah begins approximately 5 June, reaches and maintains a peakbetween 11 - 20
June, and declines through 15 August (Robinette and Gashwiler 1950). Fawns are
seen infrequently during their first 6 to 8 weeks since predator defense relies on a
"hider" strategy (Geist 1981). Fawns were absent in the observed population during
the summer, and appeared during the fall. We therefore expected the seasonal pattern
of fawn road-kills that occurred.
Females were involved in collisions and observed more frequently than males
during both years. Sixty-eight percent of adult deer road-kills were does while 70% of
fawns were female during year 1. Similarly, 81% of adult deer killed were does and
87.5% of fawns were female during year 2.
Knowledge of the compensatory or additive nature of deer road-kills is
important in understanding long-term impacts of road construction on a local deer
population. We did not determine mortality other than that attributable to road-kills;
however, it is likely that road-kill mortality was in some measure additive.
Kill/density was low when observed deer density was relatively high; suggesting
highway mortality was compensatory. Following the decline during the winter 1992 1993, kill as a function of density increased, suggesting additive mortality. Whether
road mortality is compensatory or additive, or some measure of both, will depend in
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part upon deer densities, level of road kill, and other mortality agents.
MANAGEMENTRECOMMENDATIONS

Highway planning teams need to account for deer use patterns and population
trends in an area. Our study suggested that the highway mortality of deer was additive
when deer densities were low. One strategy to reduce deer-vehiclecollisions is to
reduce local deer herds by increasinghunting (Sicuranza 1979, Reed 1993, L. A.
Romin and J. A. Bissonette, Utah St. Univ., unpubl. data). Yet, if deer densities are
reduced significantly by hunting, highway mortality will cause even further declines.
Managementdesigned to reduce local deer herds by hunting needs to consider the
additive and compensatorynature of other forms of deer mortality.
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CHAPTERIV
FACTORSASSOCIATEDWITI-ITHE SPATIALDISTRIBUTION
OF MULE DEER-VEHICLECOLLISIONS1

Abstract:We evaluatedtraffic characteristics,road aligrnrent,ani vegetativeani
topographicfeaturesassociatedwith rrruledeer (OdDcoileushemionus)kills on three
highways(US40, SR32, SR248)in oortheastemUtahto determinewhetherkill
locationscould be predicted. Traffic voh.nreani percent vegetativecover were
higher along US40 thaneither state route; road-killswere correspominglyhigher
along US40. Roadsadjacentto agriculturalareas along all routes sustainedthe fewest
highwayrrortalities. Large drainagesintersectedhighwaysin 79% of designatedkill

wres.

In Utah 3, 115 rrruledeer were killed annuallyby vehiclesduring the pericrl

1982- 19CJ1
(Utah Div. Wtldl. Resour. 1992). Annualecooomicloss arrnunted to
$7.8 million, basedon averagevalues for eachdeer killed ani vehicledarraged
(Romin ani Bissorette, Utah St. Univ., unpubl.data). At least538,(XX)
deer-vehicle

collisionsoccurred nationwidein 19CJ1
(L. A. Rominani J. A. Bissorette, UtahSt.
Univ., unpubl. data). ~y

techniqueshave been evaluatedin an effort to reduce

deer-vehiclecollisions;however, oore have providedan effective,cost-efficient
solutionfor widespreaduse (Reed 19CJ3,
L. A. Rominani 1. A Bissorette, UtahSt.

1

Co-authoredby Laura A. Romin and John A. Bissonette
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Univ., unpubl. data). An urxierstm::iingof deer rmveirents rearby arxi across
highwaysis recessaryif mitigativetechmlogies are to be successful.
Road-killlocationsof white-taileddeer (Odocoileus
virgi,nianus)
on an
interstatehighway (Bellisarxi Graves 1971)arxi 2-lare roads (Bashoreet al. 1985) in
Pennsylvaniawere analyz.ed.Deer road-killwas coocentratedin non-woodedareas.
Rarrlom kill patterns occurred in longer, woodedsections. Kress (1980) fourrl a
positive relationshipbetweendeer numbersamfield size. Sicuranza(1979) fourrl
that deer-vehicleaccidentrates were higher in areas where old fields bordered crops

or wcxxlsthan where cover type was continuous. Puglisi (1974) docurrented that
58% of white-taileddeer-vehicleaccidentsalong Interstate80 in Pennsylvaniawere in
areas where both sides of the road were borderedby fields. Puglisi et al. (1974)
fourrl high kill to occur where ore side of the road was wooded arxi the other side a
field. He fourrl that accident locationswere not consistentwithin any year. Kasul
(1976) reported that deer road-killswere greatest where the rll!dian arxi at least ore
side of the road were wooded. Carbaughet al. (1975)observedwhite-taileddeer
rmst frequentlyon iocliresarxi declires adjacentto highwaysrather than on level
areas. They observedthat planted right-of-waysadjacentto wooded areas were used
IIDre highly by foragingdeer than were cultivatedareas. Peek arxi Bellis (1969) am
Bellis arxi Graves (1971)obtaired similar results in the saire area. Topographyalso
affecteddeer IIDverrentsat highways,chanreling deer parallel to the road as they
foraged (Bellis arxi Graves 1971). Areasof coocentratedmule deer IIDrtalityalong
Interstate80 in southeasternWyomingwere related to deer migratory mwerrent
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patterns am physiographicfeatures, am were associatedparticularlywith riparian
areas (Goo:lwinam Ward 1976, Ward et al. 1976)). Highwayrmrtality of deer was
coocentratedalong a migratoryroute between ~ram

winter ranges in Nugget

Canyon, Wyoming(Reeve 1988). Mansfieldam Miller (1975) founl high
correlationsbetween Columbiablack-taileddeer winter ranges am kill locations. In
gereral, there is limited infonnationthat broadly characterizeshighwayrmrtality of
mule deer. Few papersaddressedwhether mule deer road-killlocationswere
predictable,or at what scale. We desigred this study to uooerstaoomule deerhighwayrelationships. We doclJ.IIentedroad-killlocationsam assessed traffic
characteristics,road aligrnrent, amvegetativeam topographicfeatures at areas of
high an:l low kill. We comparedlive deer-use patterns an:l road-kill locationsto
determire the influeoceof roadside features to deer-vehicleaccident locations. Orr
primary objectivewas to determire if road-killlocationscould be predicted.

STIJDYAREA
Segrrents of three highways,US40, state route (SR)32, am SR248,totaling
47.3 km on the eastern slope of the Wasatchrmuntains in oortheastemUtah, were

chosen for study. Corntructionof the roadwayswas COII1)leted
in 1989 amwas
recessitated by the in.urnationof existing roads followingconstructionof Jordarelle
Reservoir; filling comrreocedin spring 199.3.Nearby corrnnunitiesioclude Heber,

Karras,am Fraocis, Utah.
D:mnnantvalley vegetationconsistedof 1resic rreadow, riparian, am pasture
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lam habitats. Surrounling drainage slopes were predominantlywithin a m:>Untain
brush arrl sagebrush-grasswre (6,cm-7,00) ft. elevation),with scattered pinyon pire
(Rl1llSedldis)amjuniper (Jwupemssp.). Limitedstaoos of aspen (Poptdus

cottonwcxxl(Poptdussp.), arrl willow (Salixsp.) occurred. :Muledeer
trerrudoides),
utilized the area as year-longrange, but usually were forced into the valley bottom
during winters with heavy soowfall.

MEI1-IOD.5
Ixer road-killdatawere collectedat least ooce a week from 15 Cktober 1991
to 14 Cktober 1993. UDOT amUDWR personrel assisted with collectionefforts.
We recorded date, highwayidentification,anJ locationof each kill to the rearest 0.10
mile. Ixer kill wres anJ oon-killwres were designatedbasedon 1991 - 1993deer
road-kill locations. At least five kills per mile were required for a segrrent of
roadwayto be considereda kill wre. A kill wre enied when a section of road did
oot contain a kill for greater than 0.10 miles. Four kill wre anJ four oon-killwre

paired locationsof 0.10 mile length were raniomly selected along each highwayam
establishedtransects perpen:licularto the road to evaluate associatedhabitat features.
Twice IIDnthlyspotlightcounts were corxluctedto docurrent deer use adjacent
to study area roads. We drove along ooth sides of each road at a speedof 40 - 50
kph anJ useda harrl-held400,00) canllepower spotlightto locate deer. Ixer were
located to the rearest 0.10 mile. The truck was stoppedwhen deer were spottedto
allow for identificationof sex arrl age class. Activityof deer spottedin the right-of-
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way was recordedas: feeding,lxtlling , walking, or staniing.
fur soow trails were recordedalong the right-of-wayooce each duringthe

am 19<J2
- 1993to evaluatedeer approachesto the roads. We
wintersof 19<Jl- 19<J2
countedthe numberof trails within each 0.10 mile intervalam describedthem as
either parallel or perperrlicularto the road. A parallel trail continuedin that direction
for at least 30 m
fur road-killlocationswere analyzedat both large am small scales. We
. recordedthe distributionof kills over the entire study area, averagetraffic voh.nre
arrl speed for each highway, percent vegetativecover, arrl topography. Features

proximalto the road at kill am oon-killlocationswere described:road aligmrent,
right-of-waywidth arrl slope, right-of-wayvegetation,am vegetationcomposition
100 m beyom the right-of-wayfeoce.
F.achhighwaywas characterizedas 4-1~ or 2-1~ with passing lares. uoor
recordedtraffic speed am volurres for each road duringtwo pericx:is;11 March to 15
March 19<J2
am 29 Jure to 5 July 19<J2.Road aligmrent at each selectedkill arrl
oon-killtransect locationwas describedas a curve, hill, or straightsection.
We corq,leted the analysisof habitat features duringSeptember1993.
Stereoscopicaerial photography(1:24,cm) was usedto describehabitat features. A
transparentgrid was placed over the photographsto detennire percent cover
(IIDUntainbrush am riparian areas) am topographicalfeaturesat kill am

oon-kill

zores from the road to 1.2 km distant. At each selectedkill am oon-killzore location
we establishedthree habitattransect lires aligred perperrlicularto the road. The
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transectswere spaced 100m apart am traversedthe right-of-waywne to a distaoce
100m past the right-of-wayfeoce. The lengthof each habitat type was ~ured
along the transect lines. Habitattypes iocludedrevegetation,rmuntainbrush,
sagebrush-grass,grass/forb,aspen, cottonwooo,willow, agriculturalpasture lam,
riparian, am river. We pooledthe six pe~rrlicular transect lines at each kill am
non-killwne locationto derive a proportionof cover for the whole transect.
Identificationof road-killam live deer locationswas to the mile or 0.10 mile,
consistentwith highwaymile marker delineation. We conve1tedto lll!tric units for
analysisin our results where appropriate.
RESULTS
ll:!er Locations
We recorded278 (5.9 kills/km)deer road-killsduringthe first year of study
(15 ili

1991to 14 ili

1992)am 119 (2.5 kills/km)deer duringthe secorxlyear (15

Ckt 1992to 14 Ckt 1993). HighwayUS40 sustaired the highest kill levels: 68%
duringthe first year arxl 55% duringthe secorxlyear. State routes 248 arxl 32

sustaired similar road-killlevels; duringthe first year we recorded 17% arxl 14% of
the total deer road lll)rtality on SR248arxl SR32, respectively. During the secorxl
year we recorded25% of the total annual kill on SR248 arxl 19%on SR32.
Nineteendeer kill wnes were identifiedbasedon the spatialdistributionof
deer road-killsduringoothyears. The lll!an lengthof kill wnes was 1.0 km (S.D.
.62). ll:!er-vehiclecollisionsalong US40 occurredrmst frequentlybetweenmile

=
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markers 6.0 an:! 9.0 (Fig. IV-1) during both the first (56%) an:!secoIXi(48%) years
of the study. Twenty-eightpercent of the deer road-killsalong US40 occurred from
mile marker 7.0 to 7.9 during the first year. Road-killlocationswere correlated
betweenyears along US40 at both the 1.0 mile (r = 0.69, _e= 0.03) an:!0.10 mile
(r

=

0.56, _e< 0.(XH)scale. ~r

kill locationswere rrt significantlycorrelated

betweenthe first an:i secoIXiyears along SR32 at either the 1.0 mile (r

= -

0.14, .e=

0.70) or 0.10 mile (r = 0.004, _e= 0.97) scale. ~r

kill locationsalong SR248

were significantlycorrelatedat the 1.0 mile interval (r

=

the 0.10 mile interval (r
~r

=

0.72, P

=

0.02), but oot at

0.18, _e= 0.07).

spotlightcounts were rrt significantlycorrelatedto kill locationsat the

1.0 mile interval for any road during either year: SR248year 1 (r

=

0.43, _e=

0.19), year 2 (r = 0.17, .e= 0.61); SR32 year 1 (r = 0.42, .e= 0.23), year 2 (r =
0.12, P = 0.73); US40 year 1 (r = 0.51, £ = 0.14), year 2 (r = 0.15,

:e= 0.68).

However, positive correlationswere strongerduring the first year.
Forty percent (n = 1751)of deer spotlightedwere seen on the right-of-way.
We identifiedthe behaviorof 968 (56%) deer. Thirty-threepercent were stanling
when we first observedthem, 32% were feeding, 12% were bedded, an:i 23% were
walkingalong the right-of-wayor crossingthe road.

PerpeIXiicularsnow tracks were rrt correlatedwith deer road-killlocations(r
=

0.29, £

=

0.42). Parallel tracks consistedof 48% an:i 32% of all tracks counted

in the snow during the first an:i secoIXiyears, respectively.
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Figure IV-1. Distribution of deer kill(%) by mile marker on 3
newly built highways (US40, SR248 , SR32) at Jordanelle
Reservoir, Utah, 1991 - 93.
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TrafficCharacteristics
Traffic characteristicscontributedto highwayrmrtality levels of deer (Table
IV-1). HighwayUS40hadthe highest (3.7 to 9.9 ti.Ires)~

24-hour traffic totalsof

traffic speed was highest along US40 (112.9 kph)
the three study area roads. tv1eaI1
from 11 - 15 March 1992;however, over the 4 July weekeni (29 Jun to 5 Jul)
along SR248(96.3 kph) was slightlyhigher than along US40 (96.0
averageSJX!OO
kph). Voh.nrearrl speed were higher along SR248than along SR32 for lx>thtest
dates. HighwayUS40 was a 4-1~ road arrl SR248arrl SR32 were 2-1~ roads with

occasionalpassing zores. Roadaligmrent (Table IV-2) was similar for transectkill
arrl non-killzore locations(x2 = 1.2, df = 2, £ = .70).

Habitat
From aerial photographs(1:24,(U)) we determired that percent vegetative
cover was greater along US40 (63%) than along SR248 (28%) or SR32 (31%).
ll:!signatedkill zores hadhigher~

percent vegetativecover (40%) than non-kill

zores (29%). Highwaydeer kill along US40 was highest in an area (mile markers
6.0 - 9.0) of 87.6% vegetativecover during lx>ththe first (56%) arrl seconi (48%)
years of study. low mJrtality occurred in predominantlysagebrush-grass/wet
rreadow (mile markers 4.0 - 5.0) or agriculturalzores (mile markers 12.3 - 12.9)
with

< 20% cover. Along SR248, the agriculturalzores sustaired ore deer (1.3%)

kill during the 2-year perioo. SR32 sustaired 28% of its total deer road-kill in
agriculturalareas; however, 50% of the kill occurred at mile marker 9.0, which
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Table IV-1. Traffic speed (km/hr) arxi volurre along rew roads at Jordarelle Reservoir,
Utah, 1992.
Date

l\1eanspeed

Maximumspeed

l\1eanVehicles

US40

112.9

123.8

172.2

SR248

92.7

117.3

37.9

SR32

88.0

110.8

17.3

US40

96.0

110.8

2M.6

SR248

96.3

104.0

71.4

SR32

89.6

110.8

37.8

Highway

11-15 March

Jure 29-

5 July
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Table IV-2. Road aligrnrentat paired(n = 42) kill an:loon-killlocationsat
Jordarelle Reservoir, Utah.
Curve

Straight

Hill

Kill

15

23

4

Non-kill

19

21

2

x2

= 1.2, df = 2,

£

=

o.70
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was locatedin a riparianarea at an agriculturalpastureanl cliff interface. During
spotlightcensuses,we observeda larger proportionof deer along right-of-ways
associatedwith rmuntain brush habitatthanalong right-of-waysin agriculturalareas
(TableIV-3). Paired samplet-tests showedoo significantdiffereocein the proportion
of cover 100m beyorxithe feocebetweenkill anl oon-killlocations(t
13, £

=

=

0.13, df

=

O.SO).

We examined19 kill zores anl 19 oon-killzones in the study area for
associationswith drainages(Fig. IV-2). Becausedeer road-killsoccurred along
ready all of US40, we examinedthe 0.10 mile locationin each kill zore that
sustainedthe highestrmrtality. :Majordrainagesintersectedthe roads in 16 (79%)
kill zones. Along US40, large drainagesintersectedthe highwayat 6 (75%) of the
kill zore locations. Two kill zore locatiornalong US40 were at highwayoverpasses

(mile markers 4.0 am8.0); two other kill zones exterxiedpast highwayumerpasses
(mile marker 8.2, mile marker 11.4)). Seven (37%) oon-killzones haddrainages
intersectingthe roads. However,in four of the oon-killzones, the drainageswere
within0.2 miles of a kill zore.
Kill anl oon-killlocationsdid oot differ in right-of-waywidths (t
=

13, p = 0.30). ~r

=

1.10, df

kill per km was greatestwhen right-of-wayareas were

ioclired rather thandeclired or level ( + 4°) relativeto the road (Table IV-4). The
proportionof cover on the right-of-waywas rever

> 29% for any transect.
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Table IV-3. ~r

observed(% of total deer) along right-of-waysassociatedwith

agriculturalor rmuntainbrush habitat types.

US40

SR248

SR32

Agricultural

22

19

23

rv1ountainbrush

49

40

44
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Figure IV-2. Deer kill zone and drainage locationsalong new roads at Jordanelle
Reservoir,Utah, 1991 - 93.
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Table IV-4. ~r

kill per km relativeto right-of-wayslope relief along both

sidesof study area roads at Jordarelle Reservoir,Utah, 1991- 93.
Road

Right-of-way

US40

SR248

SR32

6.7

0.9

2.6

Iocline 1-side

22.3

6.8

7.1

locline2-sides

17.1

9.3

10.6

No iocline
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DISCUSSION
We distinguishedpatterns of deer road-killdistributionsbased on
trafficvohnre, habitat, amtopography. Traffic voh.1.nxinflueocedoverall highway
deer kill levels. Traffic vohIDe was highest on US40. Thoughtotal kill in the study
area decreasedby 57% from the first to the secorxlyear, road-killsrernaired higher
along US40 than either SR248or SR32. ~r-vehicle collisionsalso occurred rmre
frequentlyamtraffic voh.n1ewas higher along SR248thanalong SR32 during ooth
years. The 4-lane aligrnrentof US40 may also have contributedto higher deer roadkill levels.
Road-killlocationsat the 0.10 scale were oot consistentbetween years, but
they did seen consistentat the wne level (Fig. IV-1). Vegetativecover along the
length of US40 was greater than along SR248or SR32. Likewise, percent cover was
higher for designatedkill wnes as comparedto non-killwnes. Roadside
cover appearedto eocouragedeer rmvenxnt to right-of-waysfor foraging.
Agriculturalareas providedabuniant forage away from road sides amhad low deervehicle collisionlevels. The initial approachof deer to road sides appearedclosely
related to drainage locations;higher kill levels occurred near large drainages.
Althoughdrainagesprovidedhighwayapproachesfor deer, right-of-way
vegetationard slope intlueocedroad-killlocations. Observeddeer activity along the
right-of-waysirxlicateddeer rmved parallel to roadwayswhile utilizingthe right-ofway for foragingambedding. Slopedright-of-wayswere characteristicof high kill
areas, ammay have ~led

deer along the highway. Low spotlight-killcorrelations
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further suggestedthatdeer did not imrediately croos the roads where they entered
right-of-wayareas. Soow track counts also in:licatedparallel IlDVeirentof deer.
MANAGEMENf RECOMMENDATIONS
Orr furlings in:licatedthattopographicamvegetativefeatures associatedwith

the highwayIlDrtalityof deer were irrµ)rtant when evaluatingpatterns of road-kills.
Roads planrro in high deer use areas that will sustain high traffic volurres shouldre
identifiedfor mitigativeproceduresduringplanning. :Mitigativetechoologies,
particularlyfeocing with croosingstructures, should focus on the initial approachof
deer to the highway along large drainages or in areas of heavy cover. Right-of-way
vegetationarrl topographyeocouragedIlDVeirentof deer along the highwaycorridor,
creating a high potentialfor collisions.
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OIAPIERV

DEER-VEHICIE
CXlllSICNS: NATirnfflOE SfA1US AND
TECHN~

ID REDUCETHEJROCUJRRENCE'

Highwayrmrtality of deer is a nationwidecoix:em. In 1980 it was reported
that 200,CXX)
deer per year were killed on the nation's roadwayseach year

(Willianmn 1980). Propertydamageto vehicles, human injuries amfatalities, arxi
potentialreductionsof local deer JX)plllations
occur from deer-vehiclecollisions.
· Ecooomiclossescan re substantialarxi will vary by state or proviix:e. Hunting
expemitures arxideer harvest rates can reused to calculatethe ecooomicvalue of
deer; for example, in Utah in 1985, 64,333 deer were harvested(Utah Div. Wtldl.
Resour. 1992). Hunters spent a total of $79,887,400 while huntingbig garre. O!er
accounted for 81% of the big garre harvest, or $64,708,794 of total hunter

expemitures. F.achdeer harvested,arxi subsequently,every deer in the state, can re
valued at $64,708,794/64,333deer

=

$1ro5. Using the consurrer price inlex 30.5%

adjust:rrentto 1992, each deer today can revalued at $1313 (U.S. Fish arxi Wildlife
Service 1989, L. A. Romin arxiJ. A. BissoretteUtah St. Univ., unpubl. data). Utah
auto insu.ran;e clailm during1992imicated that an average $1200damageper vehicle
per accidentresults (Fanrers lnsura.r£eBureau, unpubl. data, 1992). In addition,the
Federal HighwayAdministrationplaces a rmretary loss value of $1.5 millionon
each human fatality. It is estimatedthat 120peopleper year are killed in animtl-

1
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vehicle collisionsnationwide(NationwideInsuraoce1993).
Sorre techniqueshave been evaluatedto reduce deer-vehicleaccidents. For
example,the installationof animl1:ed
deer crossingWarningsigns, either lightedor
unlighted,did oot result in significantreductionsin accidentsor vehicle speed (Pojar
et al. 1975, Reed1981). Likewise,accidentrates anl vehicle speed were oot
influeocedby highwaylighting(Reed 1981). Swareflexreflectorswere shown to be
ireffective at reducingmule deer-vehiclecollisions(Reeve 1988, Ford anl Villa 1993,
L. B. Dalton anl M. C. Stanger, Ut. Div. Wtldl. Resour., unpubl. data) . However,

other studies have irrlicatedsuccesswith swareflexreflectors (Schaferanl Penlarxi
1985). Mule deer did oot exhibit behavioralresponsesthat would irrlicate
ackoowledgerrentor avoidaoceof vehiclesequippedwith ultrasonicwildlifeWarning
whistles (Rominanl Dalton 19CJ2).Wood anl Wolfe (1988) showed interceptfeeding
to be effectiveat reducingdeer-vehiclecollisions,but only during certain tirre fraJ:res
an:l where high coocentrationsof deer existed. Properly constructedan:l maintaired

big-garre feix:ingrestricteddeer Ill)Verrentacross highwaysanl subsequentlyreduced
deer-vehiclecollisionrates (Falk et al. 1978, Reed et al. 1979, 1.udwigan:l
Bremicker 1983, Feldharnrreret al. 1986). Strategicallylocatedhighwaywxlerpasses
an:l overpasseshave proven effectivein allowingdeer to cross roadwaysbisecting

their use areas (Reedet al. 1979, Ward 1982).
Researchof mitigativetechmlogies to reduce deer-vehiclecollisionsis
docmrentedthroughoutthe literature. Other work hasbeen dore internallywithin
various ageix:iesanl is unpublished. Overall, it is evident that current techmlogies
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have oot providedan effective,cost-efficientsolutionfor widespreaduse. It is

important,for continuingefforts to reduce highwayrmrtality of deer, that we have
kmwledgeof nationwideefforts so we can build upon thosesuccessesor failures.
This study was desigred to assesscurrent deer highwayrmrtality levels nationwideas
well as to evaluatethe current status of efforts to providemitigativetechniquesto
reducetheir occurreoce.

SruDY ARFAANDME,"TIU>S
During <x:tober1992, questionnaireswere sent to state natural resource

ageociesnationwiderequestinginfonnationon deer highwayrmrtality within each
state. We requestedyearly estimatesor actual counts of deer-vehiclecollisionsin
each state for the past decade(1982 - 1991). In addition, we requestedeach state to
identifyrrethoos they have employedin an effort to reduce deer-vehiclecollisions.
Each state also evaluatedthe successof the techniquebased on either scientificstudies
or field personnelreports.
RESULTSANDDIS(USSICN

Forty-threestates resporrledto our survey. Of these, 36 reported yearly totals
of deer road-killsfrom 1981to 1992(Table V-1). In sumrrmy, the total reported
deer road-killfor 1991was 538,<IDanimus. ~ite

rn.nrerousstates omittingthese

data, the 1991total is at least doublethe reporteddeer kill from 1980of 200,<IDdeer

(Wtlliarrnon1980). Also, it is possiblethat only 50% of deer-highwayrmrtality is
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Table V-1. Percent change in deer road-killsby state during the period 1982-91.
No. deer killed (year)
Actual
count

State

Lowest year

Highestyear

Alabama

00

rrnde?

Percent'
change

data

Alaskab

51-77/year

no

Arizona
Arkansas

no data
3,(ill( 19(,X))
4,200(1989)

no

California

15,(ID/year

no

(0.14)

Colorado

5,202(1983)

7,296(1991)

no

1.40

Connxticut

1,429(1982)

2,423(1986)

yes

1.70

103(1982)

268(1991)

yes

2.ro

Ix!laware
Georgia

no data
50,(XX)/year

Hawaii

no data

Idaho

no data

Florida

no

lliinois

2, 797(1982)

15,SffX1991)

yes

5.56

Inliana

2,858(1982)

12,671(1991)

yes

4.43

Iowa

4,805(1982)

9,248(1988)

yes

1.92

Kansas

2,492(1982)

3,536(1991)

yes

1.42

Kentucky

1,4~1982)

4,677(19(,X))

yes

3.14

Louisiana
Maire

1,500/year
2,Cffi(1980's)

3,500(19(,X)'s)

Marylanl

no data

Massachusetts

no data

no
no

1.75

(table continues)
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ivfichigan

18,045(1982)

44,374(1991)

00

2.46

Minresota

11,471(1982)

16,280(1991)

yes

1.42

yes

1.99

yes

2.65

yes

2.20

ivfississippi
Missouri

00

9,519(1987)

4, 779(1982)

Montana
Nebraska

00

data

3,341(1991)

1,261(1982)

Nevada

data

00

data

New Hampshire

455(1982)

l ,CXX)(l~)

New Jersef

455(1982)

10,494(1986)

New :Mexico
New York
No. Carolina
North Dakota

Ohio
Oklahomact

00

5,{XX}-8,
(XX)/year

yes

1.51

00

2,500(1980's)

3,CXX)(l~'s)

00

1.20

8,587(1982)

20,215(1991)

yes

2.35

450(1985)

495(1983)

yes

(0.09)

yes

1.74

Oregon
Pennsylvania

data

10,978(1991)

7,269(1984)

23.CX5

00

24,648(1983)

Rhooe 1s1am

00

data

43,002(1~)
data

So. Carolina

840(1982)

3689(1991)

yes

4.39

SouthDakota

2, 1(56(1982)

3,363(1991)

yes

1.55

Tenressee

00

data

Utah

1,826
(1980-81)

5,502
(1988-89)

yes

3.01

Verrmnt

1,105
(1982-83)

1,514
(1~91)

yes

1.37

(table continues)
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Vrrginia

1,446(1982)

3,427(19SX))

2.37

yes

2.48

no data

Washington
3,844(1985)

9,515(1991)

Wisconsin

28,878
(1982-83)

76,62.6
(1989-<)))

Wyoming

987(1988)

1756(1982)

West Vrrginia

yes

2.65

yes

a%decrease
bl-Jighest
yearly estimatewas usedcalculatingtotal deer kill in 1991.

cActual counts through 1988- 89, estimlted 10,(U) deer/year from 1989- 92.

ctDiscontinued
record keepingafter 1985due to unreliableefforts.

(0.44)
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actuallydocurrented (D. Reed, Colo. Div. Wildl. Resour., pers. corrnnun.).
Invariably,states consideredtheir records to be considerablybelow the actual deer
road-kill.
Due to wide variabilityamaccuracy of deer road-killreporting rrethoos, rmst

state records were too ioconsistentfor us to provide an average deer kill for the whole
decade. Mlre im{x>rtantly,
61 % of the states reported an iocreasingtrerxl in deer
road-killlevels between 1982 am1991.

Onlyore state, Wyoming, irrlicated a

decrease in highwaydeer kill during thosesarre years. Iocreasingdeer populations

amiocreasingtraffic volmres in many states rrny be contributingto iocreasingdeervehicle collisions.
Iooividually,New York (65,868 deer-vehiclecollisions),Georgia (50,00)
deer-vehiclecollisions),:Michigan(44,374 deer-vehiclecollisions),Pennsylvania
(41,513 deer-vehiclecollisions),Wisconsin(34,00) deer-vehiclecollisions),amOhio
(20,215 deer-vehiclecollisions)reported the largest deer road-kill numbers for all
states in 1991. Alaska reported the lowest kill, estimatedbetween 51-77 deer.

M:>ose-vehicle
accidentswere considereda rmre serious coocem in Alaska;
approxiirately(jX)

mJOSe

were killed in vehicular accidentseach year. Aoother 150-

7':IJtroOSe were reported killed by trainseach year.

If we assurre that 538,(XX)
deer is a nationwideestimate of deer-vehicle
accidents, amwe double the figure to allow for thoseanirrnls that warner from the
highwayto die umetected or go unreported,total yearly rmretary losses are
substantial:$2.7 billion nationwideusing the Utah estirrntes for deer value am
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vehicledamage. Without question, there is a needto provide rrethods to reduce the
iocideoceof deer-vehiclecollisions.
1he

secom
part of our survey was internedto provide a view of current work

an! lm::>wledge
in dealing with deer-vehiclecollisions. All 43 states were able to

providea responsein this area (TableV-2), althougha few states have oot addressed
the deer road-killproblem at all.

1he responses(fable V-3) we receivedwere sorrewhatalarmingamimicated
that we are far from adequatelysolvingthe problemof deer-vehicle collisions. ~r

crossingwarning signs, swareflexreflectors,an:! public awarenessprogramshave
been utiliz.edby a majorityof states. At best, these rrethods have been evaluatedas
iocooclusiveregardingtheir effectivenessat reducingdeer-vehicle collisions.
Warningsigns amswareflexreflectorswere only rated as successfulby 7 % am5 %
of the states using them, respectively. Public awarenessprograms, which can ioclude
varying news releases amclassroominstruction,were deerred successfulby 24 % of
the states implerrentingthe programs.

Relativelyfew states have used feocingamoverpasses/unierpassesto deter
deer from roadways. Yet, 91 % of the states using feocingto keep deer off roads
reported it as being effective. Of the states using overpasses/unierpassesto route
deer past highways,63% have fourrl the crossingsto decreasedeer-vehiclecollisions.
Illimis amMichiganalso used huntingto reduce local deer populationsin an effort to
lower deer road-killlevels; Michiganimicated successwith this rmnagerrent
technique. In general, all mitigativetechniqueswere rankedas iocooclusiveby a
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Table V-2. Techniquesused to reduce the highwayroortalityof deer in the United
States, 1993.
:MitigativeTechnique1
State

FC

uo cs

Alabama

xb

Alaska

x

LS MR SR HL WW HA HZ PR

x

x

x

Arizona

00

Arkansas

x

California
Colorado

x

x

x

x

x

Connecticut

x

~la ware

x

x
x

00

Georgia
Hawaii

00

x

x

Illioois

x

Inliana

x

Iowa

x

x

Kansas

x

Kentucky

x

x

x

x

x

x

data

x

x

x

x

x

x

Aorida

Idaho

data

x
data

x

x

x

x

x

x

x

x
x

x

x
x

x

x

x
(table continues)

67

Louisiana

x

Maire

x

x
x

Marylarrl

mdata

M"assachusetts

x

l\llichigan

x

Minresota

x

x

x

x

x

l\llississippi

x

l\llissouri

x

x

x

x

x

x

x

x

x

x

Mmtana

Nebraska

x

x

Nevada

x

x

x

x

x

x

mdata

New Hampshire

x

New Jersey

x

New iv1exico
New York

x

North Carolina

x

x

x

x
x

x
x

x

x
x

x

x

x

x

x

Ohio

x

x

x

x

Oklahoma

x

North Dakota

Oregon

x

x

x

x
x

x

(table continues)
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Pennsylvania

x

x

x

Rhode Islanl

no data

South Carolina

x

South Dakota

x

x
x

Termessee

no data

x

Texas
Utah

x

x

Venmnt
Vrrginia

x

x

x

x

x

x

x

Washington
West Vrrginia

a

x

x
x

x

x

no data

x

x

x

x

Wisconsin

Wyoming

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x

FC = feocing, UO = un:lerpasses/overpasses,CS = deer crossing signs, LS =

lower speed limit, :MR= mirrors, SR = swareflexreflectors, HL = highway
lighting, WW= ultrasonicwarning whistles,HA = habitat alteration, HZ = hazing,
PR = public awareress program;
b

x imicates use by state
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Table V-3. Evaluationof state (n=43) techniquesfor reducinghighway rmrtality of
deer.
Successful( %)h

SS(%Y

%a

yes

no

Ioconelusive

yes

no

Feocing (deer proot)

26

91

9

0

27

73

Un:lerpasses/
Overpasses

19

63

12

25

25

75

Warning signs

93

7

23

70

25

75

Lower speedlimit

16

0

0

100

0

100

Mirrors

26

9

36

55

27

73

Swaretlex reflectors

51

5

36

59

36

64

Highwaylighting

5

0

100

0

50

50

Ultrasonicwarning
whistles

39

0

53

47

6

94

Habitat alteration

14

17

17

(j(j

17

83

Hazing

7

33

33

33

0

100

Public awareress
progrmrn

49

24

14

62

0

100

~thods

a % of states using rret.hoo.
b % of resporx:lents.
c

based on scientificstudycorxluctedto address highwayrmrtality of deer.
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large prOJX)rtion
of the states utilizingthem. There may be simple explanationsfor
soil! of our timings. D!er crossingwarningsigns are often installed as part of
highwayconstructiondesigns. Their installationis relativelyirexpensiveani the
signs teoo
to appeasenaturalresource managefil!ntageociesani the general public.
However, their actual effectivenessappearsminimal. The signs are so comrmn ani
often used for such long stretchesof road that drivers becom! COill>lacent.Public
awarenessprograms may be rmre worthwhilethan our results iooicate. It would be
importantto learn the precise tactics utilized by thosestates having success with their
programs. Feocing am overpasses/umerpasses,althoughrated as successful,are not
frequentlyused dueto typicallyhigh constructionani maintenaocecosts. ·
Additionally,it appearsfrom our survey that for the

IIDSt part, the

evaluation

of the effectivenessof various techniqueshas often been basedprimarily on field
personnelreports. Scientificevaluationsare corrµrrativelyfew. No states iooicated
scientificevaluationof the effects of reducedspeedlimits, hazing, or public
awarenessprograms.

OJr survey seemsto iooicate that there is still a needto evaluatehighway

rmrtality of deer ani to provide techniquesto reduce its occurreoce. We hope that
our results will help direct wildlifemanagerstoward further studiesevaluatingthe
effectivenessof current techoologies. New techoologiesmay still be developed.
Adaptationsof existingtechoologiesmay provide rmre effectivem!th<xls. In

71

addition,many techniquesmay prove to be site-specificin effectiveness. Further
studiesof deer roadsidebehaviormay lead to the developrrentof effectivetechniques.
In additionto humaniitjuriesan:l fatalities,the ecooomican:l biologicallosses
attributedto deer-vehiclecollisionsare cause for corx::em.Basedon our survey
results, there appearsto be a demam for the continueddeveloprrentan:l evaluationof
techniquesto reduce the highwaynurtality of deer.
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CHAPTERVI

SUMMARY
Road relocationat the Jordan!lle ReservoirProject (JRP) in northeasternUtah

was completedin Ih::ernber 1989. AnnualhighwayImrtality of deer subsequently
iocreasedfrom a pre-projectkill of 12 deer per year (0.29 kills/km)to 174 deer (3.3
kills/km)in 19<X>,
278 deer (5.9 kills/km)from O:tober 19'Jl to O:tober 1992,ani
120deer from O:tober 1992to O:tober 1993. The observedliving population
decreasedby 64.2% followingharsh winter corxlitionsduring 1992- 1993.
Study efforts as describedin the previouschaptersidentifiedtemporalam

spatialdistributionsof the deer road-killin the JRP area. Locally, road-killlocations
were identifiedto determire the placeirent of deer-prooffe.oceamexperiirentalbig
gaire highwaycrossingstructureswhich will be installedduring~r

1994. An

unlerst:arxling
of pre-fe.ocedeer populationamroad-killcharacteristicswill help

evaluatestructtrresuccess. Broadly,researchefforts addedto the informationalready
availableco.ocemingdeer-highwayrelationships,which, to date, are disproportionate
toward white-taileddeer in mixed hardwooohabitattypes.
Seasonalpeaksin road-killswere identified. A fall peak occurredduringboth
years. The post-winterpeak varied betweenthe ~r

(year 1) amspring (year 2).

Seasonalsex amage class road-killdistributionswere related to deer behavior
patterns. The road-killbuck:doeratio in the fall was higher than that evidentin the
livingpopulation. Fawns were infrequentlyseen amseldominvolvedin vehicular
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collisionsduringthe Sl1.IIllrer.Seasonalpeaksin rmrtality were similar to whitetailed deer, but the poot-winterpeakvaried betweenyears, ia.licatingweather am
subsequentbehavioralresponsesaffectedkill distributions. Road-killlevels were
additiveat low deer density levels. Kill locationsoccurred rear large drainages.
This was mt identifiedin white-taileddeer research, which focused on agricultural
am wcxxllamhabitats. Road-killsoccurred in areas of high percent cover; right-ofway vegetationeocourageddeer to rmve toward roads to forage. Few kills occurred
in agriculturalareas. ~'teep right--of-wayslopes eocourageddeer to rmve along the
highwaycorridor while foraging.
Similaritiesbetween white-tailedam mule deer-highwayrelationshipsin.licated
there are certain roadside features that may corrnmnlycontributeto rmrtality
locations. Ih!r behavior patterns, i.e. breeding, fawning, am migratory
rmveirenis, contributeto highwayrmrtality on a site- am species-specificbasis.
Manageirent teams reed to assess the array of deer-highwayresearch that exists am
relate that to irilividual deer populationswhere appropriate. The accumulationof data
allows highwayplanningteams to identifypotentiallycritical areas am provide
appropriatemitigativetechniques. An umerstaniingof local deer populationsam
area use patterns is recessaryto identifyconstructionimpactsam mitigative

techniques.

